Aims: According to cardiovascular outcome trials, some sodium-glucose contransporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor agonists (GLP-1RA) are recommended for secondary cardiovascular prevention in type 2 diabetes (T2D). In this real-world study, we compared the simultaneous reductions in HbA1c, body weight and systolic blood pressure after initiation of dapagliflozin or GLP-1RA as second or a more advanced line of therapy.
| INTRODUCTION
The evolution of pharmacotherapy for type 2 diabetes (T2D) has brought about a number of different glucose-lowering medication (GLM) classes. According to the most recent consensus on the glycaemic management of T2D, the choice of GLM should primarily consider the presence of atherosclerotic cardiovascular disease (CVD) or chronic kidney disease (CKD) . 1 This recommendation is based on the results of cardiovascular outcome trials (CVOTs) that showed improved cardio-renal outcomes with certain specific sodium-glucose cotransporter-2 inhibitors (SGLT2i) [2] [3] [4] and glucagon-like peptide-1 receptor agonists (GLP-1RA). [5] [6] [7] Although the pattern and type of cardiovascular disease targeted by GLP-1RAs and SGLT2is appear to be different, 8 it is remarkable that both classes of GLM have demonstrated cardioprotective effects. Yet, they show different pharmacokinetic properties, as well as differences in efficacy and safety.
GLP-1RAs are injectable and the major adverse events (AEs) are gastrointestinal, while SGLT2i are orally administered and the most frequent AEs are genital infections. Overall, GLP-1RAs are supposed to be more effective in lowering glucose than are SGLT2is. A head-tohead comparative randomized controlled trial (RCT) showed superiority of exenatide once weekly (EOW) vs dapagliflozin when added to metformin monotherapy, 9 especially in patients with CKD. 10 However, a network meta-analysis comparing GLM, added after dualtherapy failure, suggested no significant difference in the glycaemic effects of GLP-1RAs and SGLT2is. 11 In addition to lowering HbA1c, both GLP-1RAs and SGLT2is significantly improve body weight (BW) and blood pressure (SBP). 12, 13 Such ancillary effects make both drug classes particularly attractive for the comprehensive management of patients with T2D.
Certain combined endpoints have become popular in diabetes phase III RCTs, typically the achievement of HbA1c targets without hypoglycaemia and weight gain. 14 However, most RCTs continue to focus primarily on glycaemic endpoints or tend to consider BW and BP separately. Yet, since publication of the groundbreaking results of the STENO-2 study, it has become clear that simultaneously targeting multiple risk factors dramatically improves the micro-and macrovascular outcomes. 15 There is a striking paucity of RCTs that have compared composite outcomes, such as simultaneous reductions 
| Power calculation
Based on preliminary data, 17 we estimated that the proportion of patients meeting the primary endpoint was about 30%. We calculated that, to detect a difference of 10% in the proportion of patients meeting the primary outcome between the two groups, a total of 656 patients would be needed.
| Statistical analysis
Continuous variables are described as mean ± standard deviation, unless otherwise specified, whereas categorical variables are presented as percentages. Comparison between two groups was performed with the unpaired two-tailed Student's t test for continuous variables and with the chi-squared test for categorical variables. Intragroup comparison of the change from baseline to the end of followup in continuous variables was performed using the paired two-tailed Student's t test. Multiple imputation (MI) of missing data was performed using the Multiple Imputation by Chained Equation (MICE) algorithm, 20 obtaining five imputed datasets. All covariates with less than 40% of missing values were included as predictors in the imputation process, including observed outcome values. 21 Imputed datasets were used only for multivariable adjustment (MVA) and for calculating propensity scores (PS). Outcome variables were not imputed.
For the MVA approach, logistic regression models were implemented on composite outcomes and linear regression models were built for the change from baseline of HbA1c, BW and SBP.
Covariates included clinical characteristics that differed at baseline between the two groups. Non-normal covariates (eg, triglycerides) according to the Kolmogorov-Smirnov test were log-transformed. PS were computed in each imputed dataset and the baseline covariates included in the PS models were the following: age, gender, duration of diabetes, BW, BMI, FPG, HbA1c, systolic and diastolic blood pressure, total and HDL cholesterol, triglycerides, eGFR, insulin and metformin therapy, microangiopathy and macroangiopathy. 22 In a sensitivity analysis, the number of prior GLM drug classes was added as a covariate in the PS models. PS matching (PSM) was performed in each of the five imputed datasets, with the nearest 1:1 ratio without replacement, and with a caliper of 0.15 standard deviations of the distribution of PS on the logit scale. 23, 24 The five matched cohorts varied slightly in composition and size because the five imputed datasets were different and independent. Balance of covariates across the two groups was evaluated using absolute standardized mean differences (STD), using the mean across the five imputed datasets. An STD value below 0.10 was considered suggestive of good balance (ie, difference between groups in continuous variables was <10% of the pooled standard deviation). Outcome analyses were performed in each imputed subset after PSM using the chi-squared test to compare categorical variables. Estimates of the treatment effect were pooled to obtain the final treatment effect estimate. 25 To avoid excluding patients from matching, a sensitivity analysis was performed with inverse probability weighting (IPW) to estimate the average treatment effect. 26 A further adjustment for duration of follow-up was performed separately for each analysis using logistic regression. Statistical analyses were performed using SPSS ver. 24 or higher and R version 3.4.0 and a twotailed P value less than 0.05 was considered statistically significant.
3 | RESULTS Table 1 . As noted previously for the entire study cohort, there were significant differences in many variables between the two groups. Specifically, patients initiating dapagliflozin vs those initiating GLP-1RA were slightly younger and more often male, with a longer diabetes duration, lower BMI, higher fasting plasma glucose and HbA1c, better renal function, and more frequently were using metformin and insulin. In both groups, patients initiated dapagliflozin or GLP-1RA after using a median of two (range, one-four) prior GLM classes. There were no significant differences in other concomitant medications and in the complication burden.
| Patient characteristics
As the combined endpoint was available for approximately half of the patients with a follow-up examination, we evaluated selection bias by comparing patients with and without endpoint data (Table S1 ).
These two groups differed significantly in terms of fasting glucose, total and LDL cholesterol, eGFR, and concomitant use of insulin and ACE inhibitors or angiotensin receptor blockers.
| Changes in concomitant medications
As expected in routine clinical practice, some patients underwent changes in concomitant medication at the time they initiated dapagliflozin or a GLP-1RA ( Figure S1 ). Patients initiating dapagliflozin had a slightly more frequent initiation of insulin and a prescription for sulphonylureas/repaglinide and pioglitazone than patients initiating GLP-1RAs. On the other hand, patients initiating GLP-1RAs were more frequently switching from a DPP-4i-based regimen. Minor changes were noted for BP-and BW-lowering drugs.
| Analyses of effectiveness
Median (IQR) duration of follow-up was 5.9 (4.0-6.5) months in the dapagliflozin group and 6.0 (4.4-6.6 ) months in the GLP-1RA group. Table 2 To compute the number of GLM classes, the following classes were considered: insulin, metformin, classic secretagogues (sulphonylureas and repaglinide), dipeptidyl peptidase-4 inhibitors, glitazones (only pioglitazone was available), acarbose. Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BDP, diastolic blood pressure; BMI, body mass index; CCB, calcium channel blockers; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; GLM, glucose-lowering medications; HDL, high-density cholesterol; LDL, low-density cholesterol; SBP, systolic blood pressure; UAER, urinary albumin excretion rate.
( Figure 2B ). Finally, the proportion of patients simultaneously reaching a final HbA1c of 7.0% or less, a BW loss of at least 3% and a final SBP less than 140 mm Hg tended to be lower with dapagliflozin vs GLP-1RA, but not significantly (P = 0.183) ( Figure 2C ). HbA1c declined more in the GLP-1RA group, by 0.29% (95% CI, −0.46; −0.12; P < 0.001) ( Figure 2D ), whereas changes in BW and SBP did not differ between groups ( Figure 2E,F) .
| Sensitivity analysis
Although the median number and range of prior GLM classes was superimposable in the two groups, we first performed a sensitivity analysis with prior GLM class number in the PS models because line of therapy could determine the probability of treatment. The resulting cohorts comprised an average of 224 patients per group in the five imputed datasets, which were well matched (mean STD <0.10 for all T A B L E 2 Percentages of patients achieving combined endpoints in the two groups Note: The three composite endpoints are given and data are reported for unadjusted analysis (percentages observed in the entire cohort), for multivariable adjustment (percentages estimated from regression models) and for propensity score-matched analysis (percentages observed in matched groups). Note: Multivariable adjustment included the following variables: age, sex, diabetes duration, HbA1c, eGFR, concomitant use of metformin and insulin. Abbreviations: BW, body weight; BMI, fasting plasma glucose; OR, odds ratio; SBP, systolic blood pressure. F I G U R E 2 Comparative effectiveness concerning combined and individual endpoints. The proportion of patients in the unadjusted, multivariable adjusted (MVA) and propensity score-matched (PSM) analyses attaining the primary combined endpoint of any reduction in HbA1c, body weight and systolic blood pressure (A) ; the combined endpoint of reduction in HbA1c >0.5%, body weight >2 kg and systolic blood pressure >2 mm Hg (B); or the composite target of final HbA1c ≤7.0%, body weight loss ≥3% and systolic blood pressure <140 mm Hg (C); change from baseline to the end of follow-up in HbA1c (D), body weight (E) and systolic blood pressure (F) in the unadjusted, MVA and PSM analyses. *P < 0.05 for the indicated comparison. The histograms in panels D through F indicate mean and SEM characteristics). There was no change in the overall study results, with no significant difference between groups in any of the three combined endpoints (Table S2 ). In the second sensitivity analysis, IPW was performed with or without incorporation of the prior number of GLM classes in the PS and there was no difference in any of the outcomes between the two groups (Table S2) . Finally, when analyses were further adjusted for follow-up duration, which, overall, did not differ between the two groups, results did not change substantially (Table S3 ).
| DISCUSSION
This observational study shows that, during treatment of T2D within routine specialist care, a similar proportion of patients initiating the was significantly more effective than dapagliflozin in reducing HbA1c by 0.3% in both the MVA (95% CI, 0.2%-0.5%) and PSM (95% CI, 0.1%-0.5%) analyses ( Figure 2D ), which is, overall, in line with results of the DURATION-8 trial. 9 Nonetheless, when specific thresholds were incorporated into the composite endpoint, only marginal nonsignificant differences emerged between the two treatments, probably because the effects of dapagliflozin on BW and SBP counterbalanced the larger effects of GLP-1RA on HbA1c. When the proportion of patients simultaneously reaching specific targets was considered, a trend in favour of GLP-1RA emerged because of the greater glycaemic effect, although the choice of specific thresholds for endpoint variables may be considered arbitrary. Selection of the primary endpoint may also be disputable, but prioritization of endpoints in observational research is much less important than in RCTs, because real-world studies are intrinsically hypothesis-generating and endpoints were not tested hierarchically. As CVOTs have demonstrated the way that achievement of combined targets is associated with better cardiovascular outcomes in T2D, 16 we speculate that, among patients receiving SGLT2is or GLP-1RAs, those attaining combined treatment goals may benefit more from the cardiovascular protection conveyed by such drugs. Unlike the populations of CVOTs, however, the population addressed in the present study comprised mainly patients without a history of CVD.
In the DARWIN-T2D study, there was an extensive channelling of dapagliflozin to difficult-to-treat patients. 17 Even if there was common support between patients who initiated dapagliflozin and those who initiated a GLP-1RA ( Figure S2) Other limitations to the study should be noted. Although patients were extensively characterized and we tried to adjust the analysis for as many clinical variables as possible, because of confounding by unmeasured variables, the results of observational studies are never able to provide the same level of evidence generated by RCTs. We also acknowledge that data missing from the study database were necessarily handled by multiple imputation, thereby increasing the uncertainty of the estimates. Missing data for some outcome variables, which we decided not to impute, led to exclusion of several patients from the analysis, further limiting generalizability. In RCTs, a large part of the treatment effects of SGLT2is and GLP-1RAs was already evident at 3 to 6 months, [20] [21] [22] 28 but the relatively short follow-up period of our study did not provide information concerning whether the similar benefits of the two treatments would persist during a longer follow-up period. Finally, we wish to emphasize that, when the study was designed, dapagliflozin was the most used SGLT2i, while liraglutide and EOW were the most used GLP-1RA, and no CVOTs concerning these medication classes were available. Thus, the results apply only to the two GLP-1RAs included in the analysis, namely EOW and liraglutide, at a dose close to 1.2 mg, 26 and may not be generalizable to other SGLT2is or other GLP-1RAs, such as dulaglutide or semaglutide. These findings should be interpreted in view of the different results of CVOTs, some of which have been incorporated into medication labels. Unlike liraglutide and semaglutide, 6, 7 EOW did not meet the primary superiority endpoint. 5 Some differences in cardiovascular protective effects emerged also among SGLT2is, probably explained by the different populations investigated.
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Notwithstanding these limitations, our data provide valuable information for the comparative assessment of the effectiveness of SGLT2is and GLP-1RAs on combined endpoints that are important for cardiovascular protection. The concept of "STENO-2 in a pill" favours a more widespread use of combined endpoints of multiple risk factor targets when evaluating GLMs in RCTs and in the real world. Our study shows that initiation of dapagliflozin can be as effective as initiation of a GLP-1RA in simultaneously reducing HbA1c, BW and SBP within routine specialist care. Dedicated RCTs are needed to challenge or confirm this finding.
